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Abstract 
Light Emitting Diodes have got wide acceptance in the twenty first century. The domestic and commercial systems use LEDs of 
various illumination and input power. It is found that up to 80% of the input power in the LEDs are converted to heat energy. The 
accumulation of heat energy at the base of the LED will lead to the failure of the system. In conventional passive method, fins 
made of high conductivity materials are used to improve heat transfer in the base plate. 
In the present work, the feasibility of straight heat pipes are analysed to improve the heat transfer in the base plate. The 
experiment has been carried out with copper-water heat pipes in place of the fins of 3mm diameter and 75mm length. 
The experimental result shows that significant reduction in base temperature using heat pipes. The start-up and shutdown tests are 
carried out to check the performance of heat pipes. The experimental results show that the effective thermal conductivity is very 
high in heat pipes compared to fins. The temperature distribution along the heat pipe is found to be constant along axial direction. 
The heat pipe is tested for orientations ranging from 0o to 180o and it is found that the maximum performance is found between 
0o to 15o angles where the gravity aids the flow of water in the wick structure. 
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1. Introduction 
Light emitting diodes have shown powerful potential in the electronic illumination field. LEDs are junction 
semiconductors made of suitable materials, which emits light when current is allowed to flow through the junction. 
The major advantage of LEDs are low maintenance, low power consumption, small package, long lifetime high 
vibration resistance and environmental friendliness. For better luminous fluxes, the input power of LEDs should be 
greater. This will increase the thermal density inside the LED chip. Accumulated heat will reduce the lifetime of heat 
pipes and may get damaged at infant stages. High power LEDs can use 350 mill watts or more in a single LED. 
About 80% of the total input energy for LEDs converted to heat energy, remaining only is converted to light. If the 
heat energy is not properly removed, it may affect the life and hence the reliability of such devices. Many heat 
dissipation techniques used for high power LEDs where investigated from a chip level to circuit level. The heat sinks 
generally used for thermal management of High power LEDs were finned surfaces with or without active cooling 
assistance. Active methods such has cooling fans and pumped liquid cooling were commonly in use. Heat pipes and 
vapor chambers have better thermal capabilities than finned surfaces.  
 The experiments on active cooling of electronic components have shown much better temperature reduction than 
passive finned surfaces [3]. Using narrow channel heat sinks, it has been found that the effective thermal resistance 
is lower and the effects of air velocity and pressure drop aids the performance enhancement of such devices. Micro 
channel heat sinks (diameter≈ 1mm) were developed in order to minimize the size of heat sinks [7]. The experiments 
with different geometries has been carried out, such as rectangular, triangular and trapezoidal geometries and it has 
been found that these can be easily replaced with forced/ pumped cooling of electronic components [6]. Heat sinks 
made of porous materials were modelled to check experimentally and numerically the effectiveness and base plate 
temperature reduction of LEDs [10]. The results show that the inside temperature of porous micro heat sink 
increases along the flow direction of the working fluid and the LED interface temperature has shown a significant 
reduction.  
Recent works tries to integrate the thermosyphon into a printed circuit board for LED device to get a significantly 
improved heat spreading from the base plate [11]. It has been stated that more than 50% temperature reduction has 
been achieved using this thermosyphon integrated LEDs. Other innovative ideas in heat sinks has been under 
research all over the world to get a better thermal dissipation and reliable product. Metal/carbon form heat sinks 
were tested and compared with standard heat sinks [14]. The results shows over 55% thermal dissipation 
enhancement for carbon form heat sinks, mainly because of its higher emissivity which causes larger radiation 
losses. Investigations were carried out using electrodes to produce ionic winds, which can be used as a heat sink 
[15]. It has been seen that this heat sink shows its best performance at 0-20° angles of wind with the base plate. 
Thermal analysis using heat pipe heat sinks were carried out using different methods. Experiments proved that the 
very high thermal conductivity has given superiority to heat pipes compared with solid finned heat sinks [9]. 
 
2. Experimental Setup  
The main objective of the work is to check the feasibility of replacing the circular fins with the heat pipes of same 
dimensions. The LED module consists of aluminum fins of 40 numbers attached to the base plate to carry away the 
heat generated. In this experimental work, the reduction in base plate temperature was checked using heat pipes to 
know how efficiently the heat can be transferred from the base plate. Since the fins were made of aluminum (light 
weight and high thermal conductivity), we need to make the heat pipe with the same material. But aluminum heat 
pipes with water as working fluid was not in use because of the corrosion and generation of non-condensable gas. 
Non-condensable gas generation was probably the most common indication of aluminum heat pipe failure. As the 
non-condensable gas tend to accumulate in the heat pipe condenser section, it gradually become blocked. So we 
have made heat pipes with copper having the same dimension as that of fins and check the effectiveness then 
compared with the values obtained by conducting experiments with aluminum and copper fins. The heat pipe was 
made of copper having an outer diameter 3 mm and length 75mm. The working fluid was water. There was a porous 
wick structure inside the copper tube made of sintered copper powder which was coated at a thickness of 0.5mm on 
the inner surface. The wick structure with a permeability of 1.74 x 10-12 m2 and porosity of 52% was used. The 
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copper tube with the wick structure was evacuated and filled with water (approximately the same volume as that of 
the pores). The tube then sealed to get a copper-water heat pipe. 
The baseplate of LED system receives the heat generated by the LED chip. Size of the baseplate varies according 
to the input power of the heat pipe. In this experiment, we limited the size of the base plate to 100 mm diameter. 
Normally LEDs with more than 100mm diameter heat sink were not used because of the inconvenience in carrying 
and installation. In the actual case heat was generated on the baseplate of LED by the p-n junction diode excitation 
with electric power. For the experimental purpose, in order to get constant input power, we made a single phase coil 
heater of 60 mm diameter. The coil heater was attached on the base plate using clamps and thermal grease was 
coated between the heater and the base plate to avoid air gap. The input power was kept constant for a particular 
Watt during the experiment by using an Auto-transformer. D.C Voltmeters and D.C Ammeters were used to set the 
input power to a particular value. Voltmeters of range 0-150 V and ammeters of current 0-0.5 A were used. The 
experiments were conducted on 0.5-3W range using a single heat pipe and fins. The input power was varied in the 
steps of 0.5 W and investigate the nature of temperature distribution with the increase in input power. The 
temperature measurement was carried out using K-type thermocouples. Experiments were carried out to check the 
reduction in base temperature and also to check the temperature distribution across the heat pipe and fins. The 
effective thermal conductivity measurement and comparison with the fins was another aim of the experiment. The 
start-up and shut-down tests were carried out, the variation of heat pipe performance with orientation was also 
checked experimentally.  
 
3. Experimental Results and Discussions 
3.1. Tests for base plate temperature reduction 
We can say the heat pipes have better thermal dissipation than the aluminum fins only if the heat pipes can 
remove more heat from the base plate than that removed by the fins. To check the heat removal, we need to evaluate 
the base temperature reduction with the heat pipes. The experimental results show that a single heat pipe can remove 
more heat than a single aluminum and copper fin. The variation is shown graphically in Figure 1. The experiment 
has been conducted to check the base plate temperature reduction in heat pipes compared to the finned heat sinks. It 
has been clearly seen that the temperature variation between fins and heat pipes were diverging. There was no 
significant variation in the base plate temperature at lower input powers. The experiments were conducted with 
Fig. 1. Base plate temperature reduction with varying input power. 
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insulated and uninsulated conditions. Thin sheets of synthetic rubber was used to insulate the heat sinks. From 1.5 
W, the variation has been clearly visible from the graph. The reason was that the heat pipe radial heat losses are 
nullified and the temperature gradient between the condenser and evaporator ends become very smaller. This 
enhances the evaporation-condensation cycle there by more axial removal of heat from the baseplate. 
It has been also noted that on comparing the performance of aluminum and copper fins, the temperature profiles 
were almost same at lower input powers. But there should be noticeable difference at higher input powers because 
of the superior thermal conductivity of copper. But even though copper has more thermally conductivity, aluminum 
is widely in use because of its low weight and cost. 
3.2. Tests for insulated and un-insulated heat pipes 
Consider the conditions of insulated and uninsulated heat sinks. From the Figure 2, it has been clearly notified 
that insulated condition has the enhanced performance compared to the uninsulated conditions for heat pipes. This 
was due to the fact that, for heat pipes, the major heat transfer happens through axial direction. There was no 
significant variation in the radial direction. But for finned surfaces, insulation have resulted in the accumulation of 
heat along its surface. This has been resulted in the elevation of base temperature. Hence for aluminum and copper 
fins, the insulation acted as a thermal barrier. The experimental results show that the temperature drop was more for 
uninsulated heat pipes. For insulated heat pipes, the radial temperature drop was arrested using a synthetic rubber 
material. It has been also found that the temperature drop was only within 2°C for insulated heat pipes from base to 
tip compared to a 5°C drop in uninsulated heat pipes. The temperature distribution with varying input powers for 
insulated heat pipe is shown in Figure 2. The major reason behind the variation of uninsulated heat pipes was the 
elimination of axial temperature losses for heat pipes. Since only the bottom area was able to contact with the base 
plate, heat can reach the heat pipe evaporator section through the bottom. So the curved evaporator sections were 
kept as adiabatic using this insulation. The heat transfer mechanism cause this input heat into condenser section and 
was able to reject through that section. 
3.3. Tests for checking the temperature distribution along heat pipes 
The temperature distribution in heat pipes and fins were checked for varying input powers. It has been already 
proved experimentally and theoretically that the fins have exponential temperature distribution from base to tip. This 
has been justified by the concept of thermal resistance in materials. For longer fins transferring high heat fluxes, it 
has been found that there is significant change between the base and the end of fins. For calculating the temperature 
drop we assume the fins have one dimensional heat transfer and adopting the conditions for a tip insulated fin. The 
actual temperature distribution in fin and heat pipe was found experimentally and it was found that the heat pipes 
have almost constant temperature distribution along the axial direction. This happens due to the phase change 
Fig. 2. Variation of temperature with input power for (a) Insulated heat pipes; (b) Uninsulated heat pipes 
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mechanism inside the heat pipes and the thermal resistance was minimum for the heat pipes. The effective thermal 
conductivity can be easily calculated on the basis of the experimental values and it is obtained that the value is very 
high for heat pipes. The experiments were done for various input powers and it was obtained that the temperature 
drop was only within 3°C for heat pipes. This happens mainly by the radial temperature drop and due to the smaller 
heat input area (3mm diameter). 
The experimentally obtained values were plotted against the distance from base plate is shown in Figure 3. It has 
been seen from the graph that for fins, the actual temperature variation even at low input heat fluxes follows the 
exponential distribution. In the case of heat pipes, the temperature distribution was somewhat constant along its 
length. At low input powers, the temperature was not enough to pass through the container material wall resistance. 
So the heat was spreaded over the heat pipe wall at the evaporator section. But differences in variation has seen 
clearly at higher input powers. By theory, it has been proven that the heat pipes have infinite thermal conductivity. 
But in our actual case, as already mentioned, it has been found that almost 3°C drop between ends of the heat pipe. 
One reason was the small heat input area of heat pipe, other was the difficulties in the temperature measurement 
along the curved peripheral surface. 
3.4. Test for checking the orientation effects on heat pipe 
The orientations ranging from 0 to 180 degrees in the steps of 10 degrees were noted and plotted the graph with 
temperature on ordinate and angle in degrees on abscissa. It is shown in Figure 4. Here 0 degree angles was noted by 
taking evaporator end exactly below the condenser end and at 0 degree angles, the gravity effects aids the flow of 
Fig. 4. Variation of temperature with orientation for heat pipes 
Fig. 3. Actual temperature distribution along the fins and heat pipes 
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liquid in the wicks. The temperature was noted at 15 mm, 45 mm and 75 mm from the base plate. The temperature 
of the base plate has a lower value at 0 degree inclination. Hence it has been proven that the wicked heat pipes have 
best performance when the gravity aids. It was concluded from this experiment on orientation effects that the heat 
pipe has maximum performance in between the angles 0-30 degrees. It was due to the effects of gravity and hence 
the condensate can reach the evaporator section through the wicks by the gravitational effect too. So the maximum 
heat transport capacity was found at the 0 degree inclination and at this orientation, the baseplate temperature is 
lower. 
3.5. Startup and shutdown tests for heat pipes  
The thermal capabilities of heat pipes were very critical in the design and reliability evaluation. The general 
nature is sudden start-up and response to the heat inputs and reached temperature uniformity and quick response to 
the shut-down. Thus the start-up and shut-down tests were very important in the performance checking of heat pipes 
for better thermal dissipation. The start-up and shut-down tests were carried out for input power varying from 0-3W 
and for orientations 0° and 90°. The tests were conducted for about 40 minutes and the temperatures at base of heat 
pipe, temperatures at mid of the heat pipe and the temperatures at the tip of the heat pipe were measured. The 
temperature values plotted against the time in minutes were given in the following graphs. The start-up and shut-
down tests for 3W input power and 0° and 90° inclination were represented in Figure 5.  
Fig. 5. Start-up and shut-down tests for heat pipes at 3W (a) 0° orientation; (b) 90° orientation 
Fig. 6. Start-up and shut-down tests for heat pipes at 2W (a) 0° orientation; (b) 90° orientation 
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 The experimental results show that the startup time requirement was more at lower input powers. The startup and 
shutdown test results for 1W and 2W input powers and at orientations 0° and 90° are shown in Figures 6 &7. At 1W 
input power the heat pipe took about 5-6 minutes for start-up and at 3W the start-up time was less than 5 minutes. 
The junction temperature was also higher in 3W input powers. This concludes that the heat pipes will start quickly at 
higher powers. During start-up, the junction temperature increased rapidly and it decreased rapidly at shut-down. 
The cooling device for high power LEDs should be effective, only if it can quickly transfer the heat from the 
baseplate. The heat pipes has been performed this function effectively, so it meets the requirement proper thermal 
management of heat generating devices. While considering the effect of orientation, it was found that the heat pipe 
starts quickly with 0°orientation than 90°orientation, this is mainly caused by the effect of gravitational aid of the 
working fluid in the wick structure, which will lead to the return of the condensate towards the hot end. Thus during 
the experiment the best results of start-up was found at 3W and 0°orientation. 
 
 
4. Conclusions 
Thermal management issues of LEDs were discussed in this paper and experiments were done to approach the 
problem in a passive way. Passive thermal management techniques widely used in the electronic devices for reliable 
and long term operations. The circuit board damage is one of the main issues in the reduction in lifetime for LEDs. 
If thermal management techniques can efficiently control the baseplate temperature, the lifetime will definitely 
increase. So with this experiment, we checked the effect of adopting heat pipe heat sinks by replacing the existing 
aluminum fins. Heat pipe with the same dimensions of aluminum fin was replaced and checked whether it would 
have improved the thermal dissipation from the baseplate. The experimental results clearly showed that the heat pipe 
can carry away more heat than the fins do. The base plate temperature had reduced to a lower value with a single 
heat pipe. Temperature distributions were also uniform throughout the surface of the heat pipes while the fins 
showed an exponential reduction in temperature from base plate end to free end. It can be concluded from the 
experimental results that the heat pipe heat sinks have better heat transport capabilities than finned heat sinks. Heat 
pipes can be used for efficient thermal management of different heat generating devices. This passive device has 
wide range of applications in the thermal energy sector due to its long lifetime and reliable operation. 
 
Fig. 7. Start-up and shut-down tests for heat pipes at 1W (a) 0° orientation; (b) 90° orientation 
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